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ABSTRACT

In thelcnrrent daﬁelnarket the 3D1nult1‘nser game 1s'the“?
‘ most popular game “To detrelop a successful 3D multl user game,‘
- we need 2D artlsts 3D artlsts and programmers to work together
“1andvuse tools to author the gamevand a game englne to performi'i
: thegame MostofthlsprOJectlsabouttheIN)modeldevelopment
us1ng tools suchsas:Blender, and rntegratron of thej3D modelsdu;
‘with'a’leVel~editor aﬁd]géﬁénéngiﬁé; | |
Thls project 1ncluded theidevelopment of a multl user'
‘l"game that takes place 1n a‘3D world of the conpnter science ,:
pdepartment.,VBasically, theddame-allows-prospectiveﬁstudents»

: to neet exlstlng students and facultyvln abv1rtualiopen house‘g?a
fthat takes place w1th1n the thlrd floor of Jack Brown Hall‘a'l
lUsers .‘cka_n walk a.r,ou_nd JackiBroWn ‘Hall '\and t‘ype" ktext messages

’to!Chat,with'eachoother;v'

Ciddo o
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_ CHAPTER ONE

© . INTRODUCTION

»1.1‘Purpose

TheprojectisprOposedWiththreepurposesinndnd.Eirst,
the purpose is to get experiehcebin a!3D game development
project. In this:éert, I needed to do research on how a game
is‘developed_andehaﬁegame engines are generally used now.
Ultimately, I decided with my advisor to collaborate with other
stude‘nvts working on game dev.elopment undef the guidance of Dr.
Turner, espeeially William Herrera, who was the principal
‘architect of‘theflevel editor aﬁd‘game engine that I used to

develop the virtual open house game. The level editor and game

engine was developed using C++, and Blender was used to develop .

the3andelofJeckBrownHall,theplayersandother3Dobjects
placed into the virtual world using the level editor.
Collaborating with other geme developers enabled me to gain
experienceworkingwithotherpeoplecx1adevelopmentproject.
Because Blender‘iseawell'established,-free, open source
3D modeling program, I chose to usebthis to develop the world
model (third floor of Jack Brown Hall). I elso experimented
with Blender’slinternalgaﬁe‘ehginevto see whether this could

be used to implement the entire game. I discovered that



Blender’s game‘engine‘is limitedaih what it can do;vso that
ultimately, I-decidedvto cOllaborate with]other.game
developers, mho were trying‘to buildba first—perebn shooter
game enginevuaing thebe++ language. |

- “With Blenderi I wasuablebte-buildea}3D:virtual wOrlatot
Jack"Browh Hail, which is loaded by the game engine,;se'that
users‘can walk around the area that comprlses the computer‘
scienee department. I coordlnated my development of the 3D
model.w1tk1W1lllan1Herrera, who<jeveloped'the level edltor and
game ehgine‘cede to,allow userstsee-avatars of each cher'in’

Jack Brown -Hall, and~Sehd text messages . to each other.

vl.2-é¢ope‘

The eCOpe'Qf this preject includes ﬁhderstanding what a
‘gamedevelopmentenmironmentis,anddevelopinganihteractive
multi—ﬁSer game‘through‘collaboration.with ether‘developers.
The}BDvmodels are’experted to the 3DS file‘format,.which is
the.most popula;f3D model format now. ThehmodelsiCan‘also'be .
used for deveiopiné othet games; such.as ftrst—persoh—shooter'b
-(FPS) games. The medeis are eemprieed'of seﬁeraliobjects, and
’it}isbpossible to add new objeetsvihte thevmodelsmfor further

‘uses.




 1.3 Histdry of’Game‘Engihes

S Aloﬁg time‘avg'o,, game dev’e‘lo‘pers_only‘care‘d about how fas‘t"
they coﬁld deVéiop‘gameé fof the market. Even if these gamés 
vweré stilllvery easy and low quélity,‘i£ toék’8to:10vm§nths
.to'develbpva game onéverage}‘Oné of the feaSoné was becaﬁse'

of technology. Another reason was beCausé,theyvneeded to do-

'aZkﬁ:oflow—levelCoding.Withtimeandexperience,develdpers

found out that they could réuse some code Qf previous gamés

and make them into frameworks, so that they could speed up the -

deVelopment time and reduce costs. This was,the first concept“

of game engines.

Every game has its own game engine, but not every game

engine can be a standard game enginef The most popular'gamé

engines are 3D gameS) especially first person shooter games‘.

Even}th‘e most famous 2D game engine, the Infinity Engine, Which

'produced Baldur/s Gate (1998) and-Icewind:Dale (2000),vis )

limited'toxdevelop Advanced Dungeons &lD;agohs (ADhD) gémés.
-This is‘aiso‘a major‘feasbn‘that fhe game engines of épérts
games, ‘simulation gamés; and stratégy'gémes arevrarély&
alicénééd in the game mérket._ N

Game "en‘gin’es stafted in the 1990s. In'19.92,,“>che first 3D
Tfirst;pérsbﬁvéhobter>géme,‘Wolfenstéin 3D, Was»published by
: ApoééeFSoftwaré;fTﬁéigameyeﬁgiﬁevdf»WOlfenstein 3D was‘.

3




developéd by John Carmack, who is generally acknowledged as
the most important game programmer in 3D game engines. One year

later, he developed the Doom engine, which'is the first game

engihevfor licehsiﬁg.‘Doom_was publishéd by id Sbftwaré, the

firstcompanysuccéededinnmkingmoneYOnlicensingtheirgame

engine to other company. Later on, many famous games used the

Doom éngine, such as Heretic (1994) and Hexen‘(1995); Atvthat1

v‘time,'id‘Softwarevbecame the lead of the 3D/gamebengine{

| At the sameftime,‘andthé;.gamé programmer bf'3D'RéalmL .

Ken Silverman, developed a game engine, the Build engine. Like
the Doom engine,'thé Build,enginé‘isba=game,engine for

first—perSon'shObter'game.jHowever, it included more motions

than the qum engine, Jump, 360-degree view, squat, and swim

Weré included in thquuild'engine. By licehsing the Build

© engine, 3DvRealms,gOt over one million dollars.behefit.

'One Year later, the Quake‘ehgine was Createdffor Quake-

in 1996. The Quake engine is written by id Software and}John 

Carmack did most‘Ofithe’code{ Soon, he developed:an-advancéd
version engine, the Quake II engine, for Quake II. The Quake

'IIﬁéngine~supported for hardwarefaccelerated graphicsfand

OpenGL'technique. With these techniques, the Quaké'II ehgine .
enhanced the quality of images. For this reason, more and more

games~ﬁsed.theiQuake II‘ehginé,'such as Heretic II‘(1998), SiN

4.




‘(1998), Kingpin: Life of Crime (1999), Soldier of Fortune
(2000), and Anachronox (2001). With the success of the Quake
IT engine, id Softwareiseemed to become thé largest company
of developing gaﬁe engiﬁes.

.'However,'it is'gbdd to have some competition. Another
company, Epic Gamés, developed the Unreal Engine for their
 first-person shooter game, Unreal, in 1998. The Unreal engine
could be the mosf wide—used.game engine so far.’Not only used
by many famous‘games, the Unreal engine also used for education,
architecture, and other fields.

At that time, the graphic performance was hardly to get
any progress. Programmers knew that they needed to develop
'otherfunétionstoeﬂwmncétheirgémesengines.FOrthisreason;
bthe'Half—Lifeil Engine‘waé developed. The Half—Life 1 Engine
wastheheavilYmodifiedQuakeEnginefortheirsciencefiction
FPS game, Half-Life (1998). The big evolution of this engine
was 1its scripted sequénce fechnique. The scripted sequence
could maké the player experience and watch a cut scene when
the player triggered it. With the scripted sequence, a
first-person shooter.game would not be a hollow shooting
v‘contest any.more. |
’Another big evoiufion of game engines in 1998 was

Artificial Intelligence. Looking Glass Studios ﬁsing the Dark

5



-Engine developed a 51ngle player stealth based computer game,
Thlef The Dark PrOJect (1998); The Dark Englne had a great
achlevement on”Art1f1c1al Intelllgence For example, the ‘NPCs

’ 1n the game could detect the player s location by the footsteps,

and.they'would.have poor eyes1ght in the dark area The player

had to h1de 1n the dark and keep qulet to prevent that NPCs
noticed. These ideas 1nsp1red other game programmers to focus

on Artificial'lntelligence;

After 2000, developing game engines had two different
subjects. First_one,was'addidg more scripted Sequences and

enhancing Artificial Intelligence. The other one still focused
on the multi—player,game,mode} No mater what subject it is,
the objectiVe is.the’same: to make the game more interesting.

1.4 Definition'dnd'AbbreviatiOns

. Texture — A texture is a bitmap image used to apply a design

onto the surface of a 3D'computer model

BSP - A Blnary Space Partltlon (BSP) is a‘technique for

determlnlng polygon order and therefore v131b111ty by
‘ ) .
_cuttlng a world Space 1nt0'convex reglons. Because each

cut splits the world intotho sub-regions, they use the

word "binary". ]



CSG - Constructive Solid Geometry (CSG) is a technique for
definingeadetailedspacebykmildingittq>graduallywith
simple shapes.

UV Mapping — This is the most flexible way of mapping a 2D

texture over a 3D object. It takes a three-dimensional
mesh in (x, y, z) coordinates, and maps it to a flat
two-dimensional image in (u, v) coordinates.

MMOG - Massively-multiplayer online games

ADnD - ADnD (Advanced Dungeons & Dragons) is a kind of
role-playing game.

Level Editor — A level editor is a program that is used to create

‘game worlds for a specific game engine.

OpenGL - OpenGL (Opén Graphics Libréry) is an application
programming interface for programming graphics
components of software programs.

NPC - A NEC (Non-player character) is a character in a computer

game that is controlled by the computer.



CHAPTER TWO

. SOFTWARE TOOLS AND GAME PRODUCTION

»i2.lvaérView B
Developing aigamevis‘é teaﬁ work.,Basically, theiekafe
1 ,étléastithfée.roles_infthe<ié§élopihg:téann programmeré, gaﬁe
: désighers; aﬁd 3Dimodeiers;_DeVel§pers neéd to ﬁse diffeféht
' toéis‘for‘different'purposes. Inithis>proje¢t,‘some toqls were
‘used‘by 3D‘modélers, ahd'somé;tools-were»developedvby

- programmers to produce games.

bii »2}2fGamevPrbduction Tools

There are‘Several diffeient types of toéls used in this
:p_roject. 'S:ome of the fool_s are 'availablé ‘fbr ffee'; other tools
were”built speCificallyifor fhis'prbject. Thé‘aiready
available tools1iﬁcludeiBlender'andfGiMP. The goois‘that were
built specifically forithis prbject include the WorldStudib
:ilevel editor; thei3bymodel'conﬁeisioﬁ‘tool,vénd £he ferrain
”generatOr;> | ’ | |

2.2;1uBlehdér‘7

Blender is the 3Dinodeling Software used in thiS'project.
It is free open sOurce‘software.iIt is able to run on several

different»operation systems, including Microsoft Windows,’



‘GNU/Llnux, Mac OS X and FreeBSD [6] There are more detalled'

g descrlptlons in Chapter Four

—2 2 2 Graphlc Edltor

The GNU Image Manlpulatlon Program (GIMP) iS;a‘free

,graphlc edltor, thch can run on GNU/Llnux systems, Wlndows

2rvsystems, and Mac systems GIMP has many capabllltles It*can

Ube used for dlgltal palntlng, photo'retouchlng,,and lmage

jformatnconvertlngt[9] In thlS prOJect GIMP 1s mostly used»l'

h:'for dlgltal palntlng and.creatlng textures The plcture belowﬂth

v‘”lS the screenshot of us1ng GIMP to create a texture for a

i characte‘r : mod’el‘,‘vyv i :

-



Figure 1. Using Graphic Editor to’Create,Téxtures{,» .

2.‘2>.}3 3D Mod'ei"vcén\if’é”r.s’i:ori ;I_"gyaol “

"Ir'ih,é 3D.'_m<’3‘d‘e-.l:cénvier‘sio‘n,tle 1S a pibrégr_ém that ‘cqnv‘etr:tbsu
"3‘D'mc’>deljsxt'1r‘1atate bullt w‘itlt;/f'BDy'mO'd'e:lvi{ng'tkc}ol,sv-_ (s‘uc_hv ams‘;Bb’lendevfr’) 5
i‘_nt.c‘>‘a file f_orma.t that 1s l-oadive'abyv the le\‘re_;lv‘ed‘it’or”f; 'v’Currv:’ehtl‘y;
the cofvllv’er"sidn th“l. 'i,bsv'uvs”ed to"“c":‘o’nv;e‘rt 3D Studi’o'thax'v”( 3FDtS) files
into | the kfobrx\nat”loa‘ded by thé ‘:gaime.

‘ To 'ru‘n_ the éDé;‘conv‘(‘érvs:i‘cjn_ tool, start :the ‘e‘xéc‘Utab‘le‘ '

3ds_'2v_‘worldst1‘.1>djio».-e:xe'-.*The progr,am\diSplays a"f,ile selection

10



window. lnthe file’selectlon.uindou, the user;selects‘thenBDs
filetocmnVert;Tnebroéramreadstheselectedfile,andsaves
" the converted<datatlntc agfile’with'name equal‘tcvthe file name
of theminput file (minus its'extenSion).appendedv'

w1th 3dsactor dat For example, if the selected 1nput flle'
‘1s named sky,3ds,‘the generated output flle w1ll be named
sky.3dsactcr,dat, | i

. 2.2f4'Procedural Terrain Texture Generator'

" The prccedural terrain'texture generator is a command
line programnthat_readsvthree_input*files.and cutputs a -’

‘procedural‘terrain texture that°can be'loaded by-the

- WorldStudlo level edltor The outputted flle isa raw 2D image

(24 bit color plxels)(that 1s‘used to deflne the pos;tlon and

’color‘of the terrain; s |

TheugeneratOrjtakes three files as input,band outputsfa
.single file.ane threelnput files'include the fcllowing:

: l- ‘Defini;tion of a roc‘}‘c texture (an array‘cf raw RGB pixel

dat;,'256~by 256)
. ‘l" Definition of adirt texture (an array of raw RGB pixel
data, 256 by 256) |
‘n Array of helght values, called a. helght texture (an

array of s1ngle byte grey scale values, 256 by 256)

11
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The ér;ay;diﬁéhsibﬁs’afe*QSGfbyf256},fhelcolor'Vélués”
represeht‘thé'fullfeétehtiofthe?gaﬁefworldﬁigécaﬁse the géﬁe-u‘
" may hive diffeteh’t dlmeHSlonSthe éir",r:ay, of 'co_lor'_s_is expanded
' oflcohtraotedzae:heedeaﬁto-cerr;the worldiexeotly.
vvThe?heiéht?tegturevie.oreéted.in.a 2D.imege editOr:(suoh"
:"esiPhotoehoplloBleokArepreeentslgrouhdvlevel(iahdhwhite’
repteéenté:magimuﬁlheightl fherefoteg'When:a levelhsuffacejls
desifed; the:game‘desléhet‘colo;stthe~areafas bléok{eandtWhenv.
va,mouhteihouebatea isjdeeifed; thefgeﬁevaeslgnerloolote the»
ateeeinhverYiné‘Shadeé of'gtay; ! e |

‘;The terralnhgenetetothoombinesJthekthree ihputs,vand:
outputs‘ah‘ertéyhoffrew RGB'oléeldeta}'CalCulation‘ofhanz
"element lhothe‘outputlafraylle‘as‘follows: | |

tijv=fdil(i 7-hijl +5iijhij'y |
Where;tﬁlstheﬁtesulting‘texture oolot‘value forhthe«terralh,
“du is the dlrt color: value,nhﬁ le the'helghtbvalue hormalited,h

to fall w1th1n (o, l], and;rﬁvis:the‘rock color §élue;,

h _2 2. 5 Level Edltor

The level edltor‘used 1h thls projeot 1s calleo

'lthorldStudlo It‘reade the 3D models and then allows the game’4

;de51gner to perform the follow1ng actlons
‘ ;l-yseleot thevcollidable‘objects'
B Create ‘coll:i.'sio"‘n»u boundaries ’

. 1‘2;"’



W Select the invisible objects (see-through windows)

| The game desigrier saves the world definition in a file =

‘ that ‘the game client loads fl

* Brown Hall model as a collidable object. -

 Figure 2. Set Collidable Objects

13



. 2.3 Game Prodﬁction Process
The gamé_production proceés in this prbjeCt hésth?ee
steps. Thi$ Section'desCribes theipﬁoCess used by'thé game
devélopment téénltovcreatégagame.,The lelowing'picture‘éhow;

the diagram of game production process and tools.

Blender | Conversion | - > .
1 ; tool > S
. R | - Level
H:’} * E> neiEen
GIMP b | Terrain —
/Photoshop |- generator
A
Create Art Assets " Preprocess Art Assets ° Produce Level File

-

Figure 3. Game ProductionﬁProcess and Tools

. 2.3.1 Create Art Assets:

In the first step, an artist creates the following:
B A 3D model of a building

-v A terrainvheight map

14



| .AcollectiohcﬁfBDmodelstﬁatrepresenttheanimétiOn
framés to:réﬁderja»pléyéf -
. ,Te*tﬁrésbto,apply to 3D:dee;é
v;‘-' RQck’texfute‘and'dirt téxfﬁré
IABDﬁwdéiofaJnﬁidingiscréafaiinBlenderandexported
in 3D Stﬁdio Max‘(BDS)fileiformat.'Thé current 3D building
»méaeijfiie is jb_full.3bs;, | | | |
,,A‘ﬁeffain,héight map is a’grey‘scale image file created
in Photoshop'aﬁd‘Séﬁéd as RAW file fOrrdétf The follOWiﬁg
pictﬁfe iskthe éurrenthapufile,:map.raw;‘ The blaqk piXels
re_préselfit a height of O, wh}ich is levél gvround; The,rdore whit_e

a pixel has, the higher that point'is’vertiéally.

 Figure 4. Terrain Height Map

“A cOllection.of 3D modéls_thét represent.the éhimation“

frames toﬂrendér a player are also created in Blender. The

15



: det‘ails of ‘Cl'reat’ing pla'yeyr models will be described in Chapter
Four{ There are four»different pdsés-of player models which
are'uéed to present‘a\walking énimation. These fiies are

avatarl.BDS,'aVatar213Ds; avataf3;3DS,'and aVatar4.3DS, 

Figure 5‘Shows the complete models of each pose.

-FiQUré‘5, Player'Modélsf

16



Tektureélaré:imége{files, wﬂich‘aré creéted in éIME’br
’Photoshop. Cufrenﬁly; wé‘aré-Sthéviegtufes in‘the foilowing
'Aformatsi‘ o |
BECN
= RAW

- 'JEEG ii
. BMP

2.3.2 Preprocess Art Assets

‘Inlthe Secoﬁd’steb, the‘game‘désignef uéeSjébnvefSiQn
foois tdiéonverfzteXtures ahd 3D1ﬁ;de1s iﬁté.a;file,formaﬁ'ﬁéédv,
by the‘leﬁélleaifor and‘game‘ehgine.;Theggéme,designer'

, ﬁreprocéSSes‘the,ayfléssets;as follows:
| u M_b‘Ap.plyfthe. ‘prokcﬁ:ebduraiii téxfﬁre f'cérrairi gen_ejrator to the
l f§ck‘téx£uré, dirt‘téxturevand.héight,map tbﬁproducé
va'pfocedural‘tgxture,fof theyterréin; 

  l‘ Applyvthe 3DS?to—worldstﬁdio-comﬁaﬁd to the player
| models_and>thé buildingﬂﬁbdélvtq'produée tﬁe actor
files thé£ represeh£ ébjectsiin tﬁé virtﬁéi»ﬁorld.
>Wé ﬁsé thé ¢on§ehtion t§ols to cbnvert 3DS fiies inﬁé'the
file:fo:mat.ﬁsed‘by‘the lé?el-editor andVgaﬁe engine.iThe:

ffollowing table‘$hbwsvthe»list of exported filés,in this

project.

17
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Table 1. Input andhOutput 3D Model Files

Model Type Input E‘lle ~ Qutput File Name
3D buildingmodel | Jb full.3DS jb full.3dsactor.dat
Sky model : sky.3DS , 'sky.3dsactor.dat
Player models .- avatarl.3DS avatarl.3dsactor.dat

‘ ‘ avatar2.3DS avatar2.3dsactor.dat

avatar3.3DS = avatar3.3dsactor.dat
avatard.3DS | avatar4.3dsactor.dat

The 3D model covnversvionvtool also exports a text file_“that
'cehtaine the hame ‘and l‘oc»atiobn obf the images that are used to
texture the 3D objects. Wev need to manually edit the text file
]e] that it can be read by the le%rel editor and‘ 'associated ‘with
:the correct UVW‘.c‘:oorcllinates. For 'examp‘l’e;f efter runjni‘ng the 3DS
CO"n'version tool with sel_e_cted file sky’.'3ds, there”'wi’ll ’b'e an
output text file named materi‘al's_.'txt. The file »cen_tentw‘is‘
“jpg_texture. Nene‘_sky.‘jpg”,‘ ,where “jpg_tex‘ture” meahs‘ that
kv the texture is in JPEG file ‘format, “None__;’ means th’at the 3D
model 1snot using ah-y material- name-,” ‘and} .“skyv.’jvpg‘” is the__,
.texture file name. -Since we don’t use any materialfnyame in this‘y
3D mOdel | we have to‘dele’te “None ", Al’sQ, because we put the

‘ texture file in the DATA/SKY folder, we need to change
| “sky. jpg” to “data/sky jpg". Flnally, the filecontents Will
be “jpg texture data/sky/sky jpg”. The follow1ng table is the

texture 1nformatlon in-this prOJect Note- that the order of

18




texture file names is important; If’é"texture;inAthis'lisf

is in position n, then the n* surface in the corresponding

wire—frame model‘should”be colored With thiS‘texture,'

Table 2. Texture'Infotmation Files

File Name-

File Content

| materials. txt

Model)

| Jpg_texture
(3D Building

jpg_texture

Jjpg_texture

| Jpg_texture

jpg_texture

| Jpg_texture

| jpg-texture

jpg_texture
jpg_texture
jpg_texture
Jjpg._texture
jpg_texture
jpg-_texture

|'Jpg_texture:

Jpg_texture
jpg_texture

"-jpg_texture

jpg texture
jpg_texture
jpg texture
jpg texture
jpg;texture

| 3pg_texture

Jpg_texture
jpg_texture

Jpg._texture

jpg_texture:
| Jpg_texture
jpg_texture

jpg_texture

jpg_texture
| Jpg_texture

data/jackbrownhall/gate.jpg

data/jackbrownhall/door2.jpg
data/jackbrownhall/walll.jpg.

data/jackbrownhall/walll.jpg
data/jackbrownhall/ceiling.jpg
data/jackbrownhall/math.jpg
data/jackbrownhall/r360.jpg
data/jackbrownhall/r359. jpg
data/jackbrownhall/r358.jpg
data/jackbrownhall/r356.jpg

data/jackbrownhall/door3.jpg -

data/jackbrownhall/r349.ipg "

‘data/jackbrownhall/r347.jpg

data/jackbrownhall/r345. jpg
data/jackbrownhall/r343.Jpg
data/jackbrownhall/r341.jpg
data/jackbrownhall/r339.73pg
data/jackbrownhall/r337.3pg
data/jackbrownhall/r335.jpg
data/jackbrownhall/r333.jpg
data/jackbrownhall/r331. jpg

data/jackbrownhall/r329.3pg ' |

data/jackbrownhall/r327.jpg
data/jackbrownhall/r325.3pg
data/jackbrownhall/r323.3jpg
data/jackbrownhall/r321.jpg
data/jackbrownhall/r319.3jpg
data/jackbrownhall/r317.3pg .
data/jackbrownhall/r315.3pg
data/jackbrownhall/r313.jpg
data/jackbrownhall/r311.jpg
data/jackbrownhall/r310.jpg

Jpg_texture

data/jackbrownhall/r312.pg
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- |'Jpg_texture
| ipg_texture.
| Jpg_texture
"vjpg;texture”
jpg_texture
| jpg_texture
. |'jpg.texture
| jpg_texture
1 Jpg_texture
- | 3pg_texture
jpg_texture
| jpg_texture
|ipg_texture

jpg_texture

{Jpg_texture
| Jpg_texture

| jpg_texture
| Jpg_texture
|- Ipg_texture

jpg_texture

| Jpg_texture
l'jpg_texture.
1jpg_texture
jpg. texture.
Jpg_texture
jpg_texture
| Jpg_texture
| jpg_texture

jpg_texture

1 jpg_texture
| ipg_texture
, jpg_texture_

 jpg._texture
jpg texture-

'daté/fackbrbwnhall/r3l4.jpg:~'

data/jackbrownhall/r316.3pg

‘data/jackbrownhall/r318.3pg

data/jackbrownhall/r320.3pg -
data/jackbrownhall/r322.73pg
data/jackbrownhall/r324.jpg
data/jackbrownhall/r326.jpg
data/jackbrownhall/r328.3jpg
data/jackbrownhall/r330.jpg -
data/jackbrownhall/r332.3pg
data/jackbrownhall/r334.3pg.

data/jackbrownhall/r336.3pg-
‘data/jackbrownhall/r338.jpg

data/jackbrownhall/r348.jpg'”
data/jackbrownhall/r346.3pg
data/jackbrownhall/r344.jpg

data/jackbrownhall/r342.9pg

data/jackbrownhall/r340.jpg
data/jackbrownhall/black.jpg
data/jackbrownhall/floor.jpg
data/jackbrownhall/alumi.jpg

‘data/jackbrownhall/eve r.jpg

data/jackbrownhall/eve m.jpg
data/jackbrownhall/evel jpg.
data/jackbrownhall/eve 1.7jpg
data/jackbrownhall/doozl jpg
data/jackbrownhall/board. jpg

‘data/jackbrownhall/CS.3jpg :
Qdata/jackbrownhall/doorS jpg |
data/jackbrownhall/door4 ipg . |

data/jackbrownhall/eve 2.9pg
data/jackbrownhall/eveZ jpg
data/jackbrownhall/board2.jpg
data/jackbrownhall/aluml ]pg

Sky txt
(Sky model) -

" jpg_texture

_data/sky/sky Jpg -

- | avatars.txt

Jpg_texture
Ipg texture

?data/player;jpgi,

,‘(Player'model)f

data/shirt.jpg =
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3

2.3;3 Produce Level File

Thé third and final step in‘game prodﬁctibn'is to use

WorldStudio tovproduce a level file.-The level file contains

the definition of the game, including the art, and is loaded

bytheenginewhehtheuserrunsthegameenginetopﬂayeagame.

Inside WorldStudio, the designer does the folldwing:

Load 3D objects

Define collision boundaries

SeleCt a brush and add its objects to the game world

Set objects to visible or invisible

Currently, there are 3 brushes, which are used to create boxes,

doors, walls, floors, éeilings and a variety of useful generic

shapes.

5
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‘ ‘ |
 CHAPTER THREE

USER PROGRA‘MS
‘ .

o
3.1 Overview

An éngine in a car determiries the performance, the speed
and the Stab,il.ity of the car. Similarly, a game engine controls

. i . . o )
the plot, stages, art rendering, music, and operation of a

- computer game.vGame engines'aréathefleaders of gamés.and bind
éll the elemehts to work together.xNo matter what gamé genre
it is, there is’a‘gamé éngine insﬂde the code of a gamé}
: . :
After qontinuously developind for many yéars,‘a game
engvirne becomes a Complex syst’erﬁ thétiincludés many éompbneﬁts;
such as lighting, ‘3D modélihg,‘aniﬁétion; é rénder engine, a

physics engine or collision‘detecﬁion, sound, 5cripting,

‘animation, artificial intelligence, networking, and a scene

graph. @ »
Lighting is a'very important.p£rt in_rendering, Standing‘

, S o »
equalvto modeling, materials and téxtures.fAll the lighting
' effecfs are controlled by.game‘engi%es.'A simple modelbcoﬁld

become very realistic if the 3D artist skillfully uses the
lighting effects,vHowevér, lightingfis'a‘very diffiCult‘topic(
in 3Dmodeling . In the real world, eve‘n if there is onlya si‘ngle‘

light'source, such>as a lamp or thé.sun,.the light will be

!
|
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|

!
‘.
N : i - :
re- 1rrad1ated all over the scene, and make shadows soft.
1 .
":Therefore, the shadowed»regions are not.totally black,‘but
:

partially light. = 5

Animation is also an important part in game engines. In

the current game engines, therelare'tWQ'different types of
animation. The first one is a static animation in which the

game engine renders a sequenoe of ﬁreerecorded snapshots of
;theobjectJJldlfferentforms ThesecondoneJj;calledragdoll

phys1cs in which the game englne renders the object in

progress1vely different forms in abcordance w1th an

v:approximation to physioal laWs.ggThefgame inlthisTprojeot
,utilires statfc animationprocednre; fHoweveri'abone
: skeleton:was created'forvthe playeramodel;thich Was-nsed to
'-generatejsnapshots ofithe’model'in.different poSitions.‘
‘»A!physicssengineJoerforms a‘rnle-for the:movementhofv
.obj‘ects .‘ For examp}lve, When:an obj ect j?‘]umps,i t‘he‘gr’avrity‘ in this
.thsics enginevwill determine how height it‘can Jjump and,howh

fast when it falls down Also, a phys1cs engine can determlne -

the trajectory of a bullet. |

.collls;on detect;on 1s'the.majOr functionality_of a
‘physics engine. It‘canfdetect all edges of'objeotsindthe gameQ
When’two'objeots‘hit each other, this‘techniquewili preventh

R S \ , ;
 one objectvfrom passing though anoth%r,objectf It means that
‘ v . v

23



when a player in the game:.collides with.a.wall,’he won’t pass

’ though>the9wall or knock down theiwall because collision

: detection Will base the result on the property of the player
?
and the wall to determine their location and action after

collision. 14
T Lo

'~ Rendering is also‘one of the:most important
‘functionalitiesvin”game engines After building a 3D model,

;artists put different textures on different faces of objects,_
likeskins<nibones Renderingenginescalculateallijmodels,
animation, lighting, and other effects and then display the
result on the monitor. Rendering’engines is the most complex
componentijlgameengines Theperformancecﬁfrenderingengine
. : ‘, o o

directly determines the quality ofwthe game

Gamefengines‘also have one important function which is
'communication;between”users'and'computers. For example,

»keyboards,‘mouse, or joysticks are;generally used.asvinput
tools and game engines‘Will_handlelsignals‘from these tools.
Game engines‘of,MMOGf(massively—multiplayer online‘gameS)
could also administer[the communic%tiongbetWeen clients and
_ : . : | : : '
servers;v ﬁ'
‘Artificialentelligence technigues are alsovused.in’SOme

gameenginesforsomepurposes sudnaspathfinding,steering,

and finite state machines AlexanderiNareyek director of the

24



Inter'actiye Int,elligence-v Labs at t‘he'N"at‘ional\'University of

'Slngapore belleves that artlflclal 1ntelllgence is. the next

’ b»lg_-thlng _‘of game'englnes:. ‘He, alse ilndlcates that Artlflclal
| Intelligence ’in‘g‘ame’s‘ Vmak"es game'sl;mdre“interesv;ti'n}g. and

' -i.nteraet:i'Ve’. Eor exam‘p.le,v» automat_ec?i, Storytelling_isr' one idea -
;vto make gamee‘bl'ii‘\ntker,est_%lngi. ﬂMds_t» ‘g‘aines",habve avmainkst_orylvi;ne
-and sa‘o‘m'e llmi:ted branc‘h‘: ‘st‘ories,e I]f thei‘pla’y‘er‘vean» ChOOee a S
good or evilvpath' andthe kstory'line will alsp be _ehanged af.ter

- the player chose the path, it makes|the game more interesting

~and interactive. T o
1

3.2 Game Cllent and Game Server Communlcatlon

To pla'y a g"ame_, anjinstance o'fi the ‘game server nejeds'tfo
~ be run, and an' in'stanc'e'of the 'game C'lient, (game engine): needs
to run for each player 1n the game When the game cllents start

- runnlng, they w1ll try to load the level flle that defines the
vgame world Wthh was developed in the WorldStudlo level edltor.‘
The game endin_e is- th:e.program that rnns on the user' s machine‘,'
' and ‘allows the nser ”t'ol play the.;game

“Each i.nst.a‘nce’ of ‘the Virtual Open “HouSe- ‘game sends
‘pos'itidn‘, data. for 1ts *‘player. The »c%:;ame engine" sends th.e

\ 'posjiti‘on data it 'receives from a ‘g;iveny‘-pla'yer to all other

| player‘s . This allows each game inStance to rende.r each player
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|
| jf
-

in the.virtual'WOrld;vAlso,‘the gapeiengine,is>in’charge of

sending text messagee between‘pla¥ers.
|
|
|
I

Game Engine Game Server

Figure 6. Gahe Engine/Server'Comm@ﬁication
v . i
: All communication between enéine instances is done
through,tHe game‘eerver; The comm&nieatioh procesé is as
follows: S . M
. | - ]
B A user executes the-game engine.

L S R o _ L
B The engine makes a TCP co_nne}ction to the server, which

it maintains until the user terminates the engine.
B The server assigns an integer identifier to each °

plaYer..: - ' o
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|

The engihe Sends plaYer pqSition data to the Server
continuously, which the sérver:broadcasts.to all
D : T S D / _
S
I
| SR e | o ‘ , |
The engine sends text messages to the server as the
7 - ‘ : S |+ e
‘user executes this functi?n.

‘6ther_players.  

' ' o « . o | o S
Position data packets include the following:

i .

B  World céordihates‘of play%r,(x(y)z)

B Rotation of player'(rx,ry;rz)

| 'Speed of playér in the direction he or she is facing

 Text chat data packets indlu#e_the following:

: : - : N o :
. B A string representing the text message

>3.3.1 Game Loop 

!
|

3.3 Architecture of the“Pr#jeCt Game Engine

i
‘»,
i
i

The game loop is'én'infiﬁite'ﬂoqp that,performs the -

, , \
fOlldwing functions: ﬁ‘ -
n Rendéf the viSualelémeﬁts fé the scfeen
'I"Update fhe poéitién of'op?énents‘when pésition data
isifecéived from the serVér‘
n ,Ebn’forc’e rcoiliéion~¢Q»ﬁ'straifl%ts, So that piayers do hiot
: L R
‘pass through walls) |
n

Process keyboard input towcontrol the user's.
T o - : i o ‘

. character and to sendvtextlmessages‘

| |
a0

|

|

|

\

|



3.3.2 Camera

|
i

E

|

'FI;_hecamera is a ’v"‘iew\poi'n’t f’rcm the player to the 3D w‘o"rl‘d.,,

in.this game ehgine)'thehcamera represents the'location.of:the'

player in (x,'y;‘z) cocrdiﬁates,:aéd alao angles of View}'It
' l

~ means that a player can rotate the\camera ‘around the y-axis

to 81mulate the actlon of'turnlng tqe head ahd aiso change the
k camera angle between the x—y plahe!and the,line of vision to
simulate the‘actich ofvraising crrlowering,the head.

We use keybcard‘and:moﬁse tovc%ntrol'the mcvement of the
camera (player)r The follow1ng'tahle shows the hotkey settlngb
cf this game engine, R

\
|
|
E

Table 3. Camera‘McvementyHctkeys 5

Mode ,. - ‘.Hotkey R ;. Function

3D View Mode |Arrow Key Up (%) ,  |Move forward
Arrow Key Down ({) = |Move backward
Arrow Key Left (<) | Move left
Arrow Key Right (—) Move right

MouseLeft-FnghtButton Move forward

o Mouse Cursor - | Rotate
Game Mode W ‘ o~ 1o+ Move forward
‘ 1s . .+, - |Move backward
A .. . |Move left:
LD e Move right -

[ Mouse Cursor ] Rotate
] e
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: When-a user presses:these hotkeys,;the gamefengine‘will,f

‘ o S e : R ‘
calculate the new povsitivo‘n of ‘the pléyfer based on the direction

and ‘the veloc1ty 'f"-;~v |

)

Flrst we deflne the screen SlZ‘e as 640x480 “so the center_
of the screen is (320;240){ By'moVingvthe‘cursor, the user
‘ o I A s EE > e

rotates_the.camerafafeund the x and y axesf-‘The¢pregram-:

e L PR TR S
‘maintains these angles with variables rx and ry, where rx is
S o P J S

1
|

the vertical angle that simulates the action of raising_or
lowering the_head,‘ahdtry is'fhe'horizontal‘angle which

simulatesfthe aetion of turnihg»tﬂe head and theibody.

|

}Figute 7. Camera View in the Game Mode




™~

Figure 7 shows the camera vie
cursor'islnot at (320,240)}:the camg

following pseudoléodg.éhqws howvwé‘r

éoordinéte.of the{éﬁféot.': 
 ¢£*(moﬁséfxv% 32§16#'mQﬁSe.y
‘{  o

if ((mouse.x-320)

Cryoa= 2.0

if ((mouse.x-320) < 0)

-= 2.0:

ry -

- if;((mouse;yf240)

rx 4= 1.5;

1ifl((mouseﬁy4240)

rg -= 1.5;

if (rx > 45.0)

‘rx = 45.0;

Cif (rx<-45.0)

rx=-45.0;

“After gettinglthé angles:of rx

to get the-vel@City_Of‘the:playeﬁ;.
of the hotkeys in the Table 3, the ve

300

v.in the game mode. If the

éralangle will change;ﬂThe‘

Qtaterthe'angle by’the xfy

# 240)

and ry, the neXt‘step/is:v
When the user presses one

~locity of the piéyer will



increase 0.05, andythé méxiQO1of’phélvelodity is 0.3. Also,
différent hotkéys have.difﬁeréht Firections. Thejfolléwing'
code sﬁows how we define the hotkéys.
 '//keyboard input &
’switch(wihdows;msgs—>WParam);
case 'alt
case 'A': - |
.8y = —Q0,0}v,//hdve_left

~if(rveiécity < 0,3 )

i
|
|
\
|
o . w
velocity+é0.05;v ‘:i
'bréak} ‘ - |
a case:;d’ﬁ |
>CaSe "Dy o E
8y = 90.6;»  // méVe ;ighd
‘4_if( veloqity < 0.3 j O
-~ velocity+=0.05; !
break;‘ | '{
icasé ;wf: ]
v:case 'WY{VY é
'if(vvelﬁcity < o.3ij' }
: ‘velocity+=0.05;  i
. - e |
jbreak; | | o !
i
|
B
|
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https://velocity+=0.05
https://velocity+;,,,0.05
https://velocity+=0.05

case 's':

case 'S':

if( velocity>0 )
"
velocity=0; // stop
velocity+=-0.05; V/ move backward

break;

|
With the velocity and the angles, rx, ry and sy, the éengine
can calculate the next position of |the player. The equations

are:
X = Xy +v-cos(rx) - cos(ry + sy)

z =z, +v-cos(rx)-sin(ry + sy)

|
Where (x,z) is the new position coordinate, (Xg,2Zg) is

the original position coordinate,iv is the velocity, rx and
ry are camera angles, and sy is the direction angle. The

following picture shows how these two equations come out.


https://velocity+=-0.05

B AT .
v

. Figure 8. Camera Coordinate

wWill fﬁnﬂchlisiQn:detectianthChéckfif the player can move -

" to the new position. -

k373;3»céllisi§ﬁ 5été§£i5h;{_ Va_ o0 =
 ¥ C¢ili$ibh b¢£eéﬁi§h infthisvpfoﬁéqt hés'ﬁhre§'§£e§$ias‘
féii¢w$;,       : : s : , ‘ .
. o USeaquadtreetOSeleCt _‘tvllfl'o.z_se objects tha}"cjkare ‘gr:bj‘:lo's‘e
W Check L£ the path of the player passes through a plane
| containing any one of the triangles that conprise the

S




|
RN R
_ % .
W -
| FQf those triangles seleéFed in the previous step,
check if the pathiof fhe‘%layérbbasses thfough thé
triangle. : ‘~: 'i" |
fhe first step,is to use théunadﬂtree‘to check which

: . y }
objects are possible to collide Witl’!l the player. If the object

is too far away to collide, there is no need to do next step.

If the objeCtvis.inside the fa&ius of thé,player, we;will

go to the second step,'FirSt,.we knéw that the plane equation

is: ax+by+cz+wi=0¢ where a, b, ¢ and d are real numbers,

-~ ] ) . ‘| : ,
‘n=(a,b,c) is the normal vector to the plane, and a, b, c are

not all zero. If there is a point Q=(x,y,z) outside the plane,

it means ax+by+cz+ki#0. If ax+by+ﬁz+wi>0, Q is on the front
| +by+cz+d <0, it means Q

H ]
}

side of the plane. Otherwise, if

'is on the other side of the planeJ
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’I>Q1 = (X1, 1> Zl)ﬁ

'vdn+@pua+d>0 k 7i=(a,b,c)

dx%by+éz,+d'=0 g

°‘Q2_>=(x2>,y2,'}22f) -

 vax2+b}2+cz2+ci<0¢

,Figuré 9. Plane Equation

Eachyobject is comprised‘of many trianglés, and,so the
algOrithm‘neédé to”considér‘many‘plaﬁés;  Suépose that Qi,is‘
t:he:or_ig,inal pos‘it'io‘n of the plaYer,' and Qz_bis the newposi-tvion
vof thé 'pla‘yer.i If Q; and Qz are i‘)‘n different sides of the p,la’ﬁé,_
it means that it is possible that the playervhits thefobjédt
,whenvhe brbéhe:movgs from the ofiginél‘positiéh té;the new
'stitiOn;‘The.ﬁdllowing>pseudo'COde’shows the logic tQ'chedk
‘if fhe ﬁositioﬁs are on difféﬁéntvsidésiof thé,plaﬁé:- |
| bdol‘cheCk;positi¢n(Qi, Qé): :

éheck =vfalse}

'35



before = ax;+by;+tczi+d;

aftér = axXotbystczo+d;

if ((before<0 and after>0) or (before>0 and after<())
cheék = true;

return check;

} .

The third step is to cheCk whether the player will hit

the candidate triangles selected in the previous step.

Figure 10. Detect Collisidn with Triangles

Let pl and P2 be collision points on the plane containing

triangle ABC. Figure 10 shows that if the collision point on
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the plane is P;, and P; is inside a triangle, which is formed
by three vertices of the object, then LARB+ABI’1C+LCI’1A=2}I .
Otherwise, if the point is‘outside the triangle,
LAP2B+LBP2C+4CPz>A<27r . it can be proved abs‘ fol’lowing:

“* ZAP,B+ ZCP,A= ZBP,C
. ZLAP,B+ £BP,C + ZCP,4 = 2ZBP,C
"+ ZBP,C + LP,BC + LBCP, =&
L LBP,C <7
- ZAP,B+ LBP,C+ LZCP,A < 2%

However,wedbn’tactuallycalculatéthecollisioqpoint;
we approximate it by the new position of the pléyer;.and we
check to‘see>if‘the_sum of angles is almost equal to Zm
‘(6.28318531).vIt means the néw position of the player is Very
close to the objectvand wili hit inside‘the triahgle._The
following pseudo code shows how we detect whether the point
is inside the triangle A4BC.

bool mathVertexInTriangle (P, A, B, C)

{

#define epsilon = 0.1;

vector( ='£¢éﬁél; // normalized vectbr Z;
vectorl = £ijj;:;:z;-lﬁ;‘//'normalizved vector Eﬁ
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vector2 = gﬂ;éz; // normaliiéd‘veétorlaﬁ>

,angle =_arccos(vec£or0 'Vect§ﬁi) + arccos(véct0r1~
 vector2) + érccos(Ve¢tor2bf§ectorO)f
.if( abs( angle - 6.28318531 )v<:epsil§n’)<
| retﬁfn trué; |
else |
£eturn false;
)
‘IftheCollisiondetéctidﬁreturnsfalse,tﬁeplayerwill
move to the new p§siti§n. Otherwise, thevpiayef will sféy at
the original position; | |

3.3.4 3D Rendering

The game engine uses'OpenGL to perform 3D graphiCS’

rendering.
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CHAPTER FOUR ‘_: ~ |
3D M(‘)DELINGV |
o4l Overview‘
A 3D model is avn‘o.bjec:t presented };y a B?aimension polygoho
'it is_mQStly created by 3D?mgdel’softWare; sucﬂ as 3ﬁ Stqdio
_Méﬁ; Mayé;bAﬁﬁoCAD;ana Blender.Basicéllyg'a'3DvaaelJis 

rendered by a wireframe and it could be Coiored with a 2D téxt’ufe

image.

'Figurefll. Wireframe of a Cube and a Cylinder
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,A texthecis;a norﬁal‘digitalfimage.which can be'easily
' created by any graphlcs software; such as Adobe Photoshop or
GIMP However, by mapplng a 2D texture can make the 3D model
morereallstlc ThenmpplngproceSSJ_ cailedUVnmpplng,whlch
is gsing‘a.gDimage to expreSs‘a 3D model. In contrast to (X,
Y,iZ)gis the ccordihates.of_a 3D object( (U; V)'is;the_

coordinates of the 2D texture image.

Figure 12. Unwrap 3D Objects with Blender
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4.2 Blender

Biegéer isvffeé'épenvsoﬁfcé $thwére fo; 3D,model;ylt
takés‘lésé instailéfidﬁ:siz§'£ﬁan_dtﬁé£v3D modeliﬁg §thWare
and runs on several different operation systems, such as

Microsoft Windows, GNU/Linux, Mac OS X, and FreeBSD.-

Figure 13. Blehder’s User Interface

Blender provides many tools for 3D modeling. Therefore, |

Blénder has a complex uSer”interface;»Baéically,_Blender(s



usér;intefféCethaéLthgéé’fééﬁﬁ?ésé_editing:queS(Jhétkéy
@tili%atioﬁ,‘éﬁd Worképécéjnéﬁageméﬁtﬂ‘Eaiﬁingqngdévis,ohé of
thé/primary‘modeé,toﬁédify:a<3D m6delf Athhéf ﬁrima£y ﬁbde‘:
>is ébjeét ﬁodé.:iouféén éwiﬁéhjﬁétwéenvthésé twQ modes,wi£h_
kfthe’Tab,key; Not éhly,sWitchinévmédéSfﬁSeé;the Tab kéy, moét
comﬁéhds ih Blendéruuéé‘hotkeys;’Wifh wogkspaCé mépageﬁéﬁt,>
"Biehder,hés‘more flexible Qarkspaée;'figureyé showsifhat;the
Biénder'.uSéf interféée Caﬁ be spiit up iﬁto fqur diffefent‘
’viéws:’tqpiﬁiéw; froht view;"sidé;view; ahd éaméra‘view._ﬁsérs
can‘easiiy éﬁéﬁgeﬁthé sizé‘éf eééhiwihde’dr}nerée‘£Wo wind$ws
intbvaklarge §ne; | o | |
The'neWest véfsionléftéléndér is Blender 2%43y'r§léased»'
énﬂFebruary 18! 2067. HoWever; the projegf-is stii1;ﬁ$ing last,
»Versioh(»Blender,QQQZa;'tovpreVent ény cohflictbbetﬁeen fWo
differeﬁt versiOns. ey | “
'34.3“C¢nstrﬁC£ioﬁkéﬁ’the Préjéct,Wérld’MQdél'
: . o ! ; ’ . e

4.3.1 Jack-quwh Hall. -

1

To construct,the‘projectfwbrldInCdél};the firsf thing is
~to get}the'bluépriht,of“Jack:BrCWn,Hall, and then use thé‘image
as the backgiOund witthlender, Figuré”l4,shdws'the top%view

A

, of.Blehder after loading.the bacquduhd image.'
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‘Figure 14. TOprierWith'a Background’Image

After thatthe heve ahrdugh sketeh»of JackuBrdWh Hall;
The next thing wefneed is te make the'ﬁalls have‘thickness.
In Edlt Mode, press BKEY to select‘the vertlces of the wallb
which needs to be modlfled Flgure 15 shows that the selected

vertices are Yellow,land the‘others”are pink;
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‘Figure 15. Select Vertices

Then, press SHIFT + DKEY to duplicate the selected
vertices, and moveethese duplicated vertices by the side of
the wall. The distance between the selected vertices and the

duplicated vertices will be the thickness of the wall.
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‘Figure 16. Duplicate Vértices

After modifying éach wall, the next step is to make the
height of the wali.»In Edit Méde, préss AKEY to select all
vertices, and.pfess qu?adilto qhéngé the'view to front-view.
Then, press EKEY'to éxtrude the wall. After that, we have a

basic 3D model of Jack Brown Hall.
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4.3.2 Ceiling " and Floor |

" The 3D models ofthe ce’iliiiﬁgf and the floor of Jack Brown
Hall 'aré _Ver?'ééSy to bui‘ld.lellv&I/:nAéed to do is to add ‘a’pl.ane
in-Biehdef énd go to Eqit Mode £b ﬁodify fhe shapeﬂexactly asi

same -as Javck,‘Brown Hall model. The ﬁolioWing_picture'shows the

3D model of the 'floor.

]

" Figur'e" 19. The " 3D Model o"f,,: the Floor
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4.3;3Doofs,"i'f“' : ff¥ : :;.‘ ,   : >. ‘ "‘  -
»TBlendé&:has;fbﬁiid%iﬁigéme eﬁ§iﬁe.With»thiskéngine;>Wef

»Qaﬁ-make’a;simplé’animati§ﬁ £of6peh‘éﬁd cloéeia‘dqor. Eirét,

 pre$s sﬁaceﬁb add aléubéjaﬁdﬁbﬁiid.a»onrzatlfréme 1. Figqre

;ZOfshows that the dOdr is cloSed at framé L.

Figure 20. Closed Ddbr

Next, change the‘frame'to‘51 andgpreS$ IKEY‘to choose

“Insert Keyframe”,as “Rot” (rotation). Then, préss RKEY‘to
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rotate the dOdrbféfthé'Qpéﬁéd;pbéiﬁion?fTh¢ following picture

shdws~the opehed'doo£-ét;frame‘51..

Figuré;Zi. Opened»boor‘ 

Afterbulldlng 'th’e_.vdoor‘mOde:l;"’ we'néie,d:_t‘:o‘use fhe build-in
engigé:iﬂ:Blendef toiperférﬁftheiénimatiOh;EFiﬁéf;,pres$ F4
'to'oéen‘thesldgié‘paﬁeiana‘add:twb‘sensorg;:The first:sénéor‘
I Setvis the épaé§‘bar;fénd1ﬁhé sécdnd:ééhsbfiis the distén¢e
between fhebplayeﬁ_and ﬁhe ddbr,>whi¢h is OQS;_Then}*édd an



actuator<to;play'the’animation.WEiCh,iéfstarted.at frame 1 and

ended at frame;SlsﬂFigure_ZZ showsfthé whole setting of the

door animation. .-

Figure 22. Door Animation Setting:

vaith‘thiS logic Settihg; the dodr”will be%open when tHe"
player closes to the door and press the space bar.
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4.3.4‘Sky

Theré.aféimaﬁyfwéyé fo buii§'a,skybdxfin Blendér;‘Thié
pro:jbe'ct,is us‘ing'a" hakl.f,‘séh}é'rei,té.;-jbiui‘l{d é"bskybox. E‘iirsjvt, bp‘r:ess.
'.Nﬁmpad7_fo switqh t§;#§§:§i¢w}‘fhén; préss épéCe bar to add

-L-“fMes.h' > IcoSphere’. "

Figure 23. Icosphere

After that, weneed to cut the spherein half. First, press

Numpad 1 to switch t‘of' front view. .Next, press BKEY and select
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all thé, bottomvertlces Then,press XKEY tk‘odgébr‘ase’ these
jéelected‘vérticeé;}NSQ;f&élﬁé&éfébhalf spheréj
Hdwever;’the fa¢§36ff£hi$ héifvsbhere'is faqing Qu£Ward,
‘ﬁh%ch-ié thé wrdng'QéYQLfo‘fix Ehis;iwé needﬁthflip Qver'tﬁis
7ﬂaif sphere félnakeiit:faée inﬁérd£ Fi£st,»pfess;AKEY'to select .
ali féées, and,then préss’WKEY.té select fFiip ﬁofmals’.iNow,

~we fix the problem .andhave é:baslri‘c“skybox model. Chapter 4.3.6

will show how to add a texture to the skybox.

Figure 24. Flip‘NQrmals.
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4.3.5 Ground

After bulldlng the sky model ‘we need to bulld the ground
'_model aswell; or other models w1ll look llke flying 1n the
sky.

It 1s 31mple to make a ground.nodel. First, press Numpad
v7 to sw1tch to top v1ew and press space bar‘to add a plane.
Next press WKEY to select ‘Subdlvrde and cut the plane 1nto«

several pieces, Now,,we have a flat ground

Figure 25. Subdiyide alPlaneT



.To-maké-théféﬁéﬁﬁdjﬁore}réalisﬁ?}fwe;can'maké mbuntains
in thié‘piahé. Firétf;figﬁt qiiék'tbféelect'a Vertex 53 £he
top,of'éimounfainvand fhen;bfésé Nuﬁp§d 1 to éwitch to frént
view}vNe§t( preé? QKEY to enabié»féerQrﬁionalvKit Falléff?
aﬁd seiect éne félloff'ﬁypé;>Then;]ieft click on the zAaxis‘
.éf thevvérfegyto move the Vértex, and ﬁée fhe'mbﬁée whéelito;

-

change the falloff range.

‘Figure 26. Proportional Edit Falloff

!
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By repeatlng these steps we can. bulld.manyxnountalns ln

“the ground model Flgure 27 shows the ground model I made in

this project.

Figurev27.hGrouhd Model>

4.3.6 Textures
After fihishing‘these‘3D:mbdels, thefnext step is to add_ 3
»textures. Slnce UV mapplng lS mapplng a two- dlmen51onal

texture over a three dlmen51onal object the flrst thlng we
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need to do is to ?un»tsfr_a'p a 3D o'bfjeict ini‘tb': a »flvat 2D object. Here
is an example bf“?UV mapp'ing.
This"example",,isf,h"ow I 'épply“altexture on the 'sk‘y model.

First, select the sky ’mo"de’l‘a'nd switch vto the UV Face Select"

mode .

Figure 28. Face .'Sel_ect }‘Moﬁde‘{

‘Then, press AKEY to sel_e'ctnalll faces, and press UKEY to

selec‘t ‘Cylinder fromView’ . Usually, from now on, I would like
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ifferen'

to split the window int

T

in‘UVEaCeSéleCtrmbde/aﬁdanotﬂéronéis‘UV/ImageEditor’.

 Thé?folldwihg_pictﬁre?is the écieenShot'of thé.UVjeditor’in

i

Blénderl

Lk

”Figuré_29; TmageyEditor
. Now, the 3D1ﬁ0de1'isfalready unwrappéd into a 2D object.
Next;stép is toiapply an‘imégé’on it.’Fifstj‘invthe ‘UV/Image

'E'dit‘or”"Winddw,» select ‘Image' and open the image file. However,
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the image file aﬁd‘theHZD object are not perfectly matched,
so we need to'modify‘the size and scare of the 2D object in

order to get the better result. Figure 30 shows the result of

the sky model after UV mapping.

Figure 30. Sky Model
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'4 4. l Character Model

4 4 Co“stwuctlon of the Character Model

The character model 1n thlS prOJect is also bullt by

iBlender. The flrst step 1s bulldlng a head model I startedl

w1th addlng a plane in the front v1ew Then, subd1v1de the plane

1nto twelve pleces. The follow1ng plcture 1s the front v1ew

”of the plane.

Figure 31. Subdivided Plane
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‘efhis piaﬁeeWilidee;ﬁSedlfofethevfece ﬁbﬁel}_I will‘uee‘
the t_op»t‘hree squaresasa forehead, next threesquares :a's ey‘eus,’,
ﬁext three,sqﬁefeei%s;efneeegand:eheeke,Jand"the lest three
equeree as eeeﬁiﬁf Aftefmoéif§ihgythe:peeitioﬁfof:fheset

vertices, the plan "Wir_ll:filo.'ok like the picture b;elo'w-.”

Figure 32. Face Model
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After that sw1tch to s1de v1ew and move vertlces along

p Y Ax1s to perform anose and eyes E‘loure 33 shows the complete

E facej model ;

Figu?eﬂ33adCbmplétetFaCe,Modélh'ﬁ

By repeatlng these steps I fi h shed the whole head model
'-Next I need to bulld a body model.,A body model 1s much eas1er

than the head model i started wi tha box model ‘and’ extruded



~each side to be hands and legs. Figure 34 is the complete

character4model.fﬁ7

Figure 34.'Character“Model, 

Like other 3D deels, the character;modéljalso,needs
textures., ‘There_fo'r_‘e, the last step is using OV mapping to apply

‘ﬁhelimage.‘Figuréf35»Shows‘the's¢reenshbt‘ijUV:mapping.“
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Figure 35. Charadter Modei,Textuies'

'4_4{2 Armature 
. VArmafureé are like Skeletohé_insidevthe humaﬁvbédyf‘We
vcanﬁse-arméturetho;pdse and,defo?ﬁ.3meodels.7Armatﬁ£eé afe
usUaily uéed'ih'chafécteffanimafidn;‘bﬁt’they éie élgo;yery
ﬁsefﬁl inﬁbqilding deels;.éuch as‘a Winding‘pipe;

[ :Like other obj e‘ct',s, ja‘gn él‘*vma‘ture. has_ a ce'n,te'br,v a rotatio'n,
’amdaSCalefacth;ItélsOhéSObje¢tM¢déathditMode,ﬁniike
6‘ther ijecﬁts} an armafure' ﬁaS‘-:a Spéc1al méde call‘ed'vPo‘S_'e‘MOdev .



In Pose MOdé; eac‘h’? b,o'r‘ié:“can be fmioved,f,s'caled, or rotated to
‘perform a particu_l_ea_f:,p:ose.; o

‘After buildi'n,g";t;hie, .'charaC'tér model, we need to- add an

aﬁmature for the chaxacterso tnatwe can easily modifyb,i the
p}ose" of the _g:ha'rba_cﬁ:‘_eﬁr :.yf{::ere i‘s' an éxample Qf using an armaﬁure;
First, “presvs spacy:‘e‘be»i‘ft‘o édd én afmafure, in O‘bj‘ect Modev; Then,
modify‘the pésit‘i:'or‘l, a“ng_']_e‘;,» and _é§~alé of the fi;:st boﬁe. Neﬁct, ‘
‘press .s.pa.c‘e‘ bar ‘tou :ad‘d othef‘ibor‘lvé%s‘ and aiso‘name'ievery‘ b’or.).e.k
Assi_gning némes to fhe bbvn-es 1s very impbrtaht' bec“au_sfe‘ 1t w1ll
:ma.keb everything 'ea"siveyr-w‘heri_ edltlng actions. | Figure 36 éhows
the ‘vnames‘ ofl,'bc')ne‘sk‘,‘uvsed" i:n'_ this L‘armat_'ure.
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Figure 36. Assigning Names to the Bones . -

P

. After assigning names to each bone, adjust the position
and the scale of each bone to fit in the charactermodel. Figure

37 is the complete armature. -



2 37

. The Complete Armatiire

¢

After finishing the armature, the next step is to connect

*haracter,deel and ﬁhe étmature; First, select both thé

character model and the armaﬁgrel Then, press Ctrl + PKEY and

select 'Make Parent to Armature’. Now, we have to assign

a

rt

1y
b

ces. of the character médellto~the particular bong. For
example, the vertices of the right arm should assign to the

bone of right arm. Figure 38 shows that the vertices of the

SRR . L \ . N ,
front right arm are zssigned to the bone called ‘Bone_armR2’.



Figure 38. Assigning Vertices to a Bone

There are 1i"bdhes in this arméture; After assigning
:verﬁiﬁes to a‘pérticular boné; the character model is able to
,Change aﬁyrpbse&ﬁaWant. Firét; select_theiarmatUre~and éwitch
‘tb P@Se Mbde;,éy.moving, rotating or scaling theSe bones, we

can make the character model to do any action. Figure 39 shows

the walking pose of the character model.
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CON RECTIONS

- Game developm 1 different fields of

studies. Basically;‘there,aie‘at least three roles in the
devélﬁpingteam;programmeréhgamédesigners,and3andelers.
In this project, developers need to work together and use

~gifferent tools‘to,develdp a game. Some of the tools are

'QJ’
fmid

available for free; other tools were built specifically for

“thisproject. ThealreadyavéilabletoolsincludeBlénderand
GIMP. The tocls that were built specifically for this project
e the WorldStudio level editor, the 3D model conversion

v

toéi; and the_ter;a;n génefapbr.
vThé game édeQCtioh ptpcess‘ih this project has thfee
stépé. First, 3D‘ﬁodéiers‘¢?eate’art assets. SeCOde 3D

modelers use the tools,developédanprogrammers £0 preprocess

these art assets. Finally, game desigriers use the lever editor,

WorldStudio, to perferm the game.

5.2 Future Directions
ﬂ‘ThisprojectiSiaverngOdstartforanyonewhointerests
in game development. So far this project only allows users

~walking around the‘hallways and sending each other text
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messages. The pro
such as tables, ch Lackboarids and windows:

The gquality of plavg

more texture and de

the game. Also, adding some plots in

3D graphic card to run-
"the game mode is a good idea. A good story is always an important

element in a successful game.



111

12]

(31

T

[5]

(6]

71

(8]

:‘fidte’lig@nce7U1COmputer

' Games~5tatexw,hi Art ture Directions™, ACM Queue,

VOl.‘lo, PE - uq 6q,'F@brqayvb7U04

. '

‘Alexander Narsyek, "Game AI is Dead. Long Live Game AT! pv,

TEEE Intelligert sztems, vel. 22, no. 1, pp. 9-11,
Jan/Feb 2007 !

Biender 3D: Noob to Pro, http //en.wikibooks.org/

w1k1/31@nder _3D/Noob to Pro

Blender‘Ar JSt” borums, http //blenderarf1sts org/
B]endec ‘Home Page, http //www blender. Olg
Blanaer Natlon, http: //WWW\blendtxnatlon com/

panlel Sanchez-Crespo, “For@ Techniques and AlqOLiLhms

in Game Programming”, New Riders Games, first edition,
: : : v

September 2003.

"'GTMP'- the GNU Tmage Manlpulaulon Proqrdm,

http: //www gimp. nrq/ ’ !

QpeﬂGL,-httpi//www.opengl.opg/

’W]k]pedLa, .Game anlpe, i

http: //en wikipedia. org/w1ku/Game _engine

WLklpeuia, Plane (mathematlcs), ‘ .
http://en.wikipedia.org/wiki/Plane (mathematics)


http://en.wikipedia.org/wiki/Plane
https://rtJJkiped.ia
https://http;J/www.qimp.org
https://EJ,3;ni.el
http://www.lblendernation
http://,ww.blender.org
https://httip://blenderartists.org

	Multi-user game development
	Recommended Citation


